Elastic electron scattering factors of 106 ions are represented in a parameterized form that separates the diverging Coulomb term due to ionic charge from the finite contribution of the remaining screened atomic field. This parameterization is shown to be very convenient for many-beam analysis of electron diffraction data and numerically more accurate for interpolating the electron scattering factors of ions in the region of small angles of scattering than the conventional methods of interpolation. Absorptive electron scattering factors have also been calculated numerically for a wide range of ions. It is found that these factors differ from those of the corresponding neutral atoms only for small angles of scattering with s < 0.3 ,~-1. For most applications of transmission electron diffraction, the effects of crystal ionicity on the absorptive crystal structure factors may therefore be neglected and the corresponding factors of neutral atoms may be used.
Introduction
For general dynamical electron diffraction calculations and in particular for reflection high-energy electron diffraction (RHEED) calculations, the most convenient way of representing electron atomic scattering factors is to fit the numerical values of these factors into a sum of Gaussians (Doyle &Turner, 1968) :
f(e)(s) = y~ aj exp (--bjs2) ,
J where s = sin O/k, 0 being the angle of scattering and k being the electron wavelength, and a t and bj are fitting parameters. For the case of neutral atoms, these parameters have been tabulated for all the elements of the Periodic Table (Peng et al., 1996) . It is the purpose of the present paper to give such a table for ions and to investigate the effects of crystal ionicity on the absorptive crystal structure factors.
Electron scattering factors of ions and parameterization
The electron scattering amplitude of an ion is very different from that of a neutral atom. For X-ray diffraction, the atomic scattering factors of both neutral atoms and ions satisfy the condition (James, 1965) Z 0 = lim ~X)(s),
where Zo is the number of electrons associated with each atom that can either be in a neutral or in a charged ionic state. For a neutral atom, Z 0 = Z, Z being the atomic number of the atom. For an ion, Z 0 :/: Z and the difference between the two quantities represents the excess or deficiency of charge on the nucleus resulting from charge transfer associated with the formation of chemical bonds in the crystal (Cowley, 1992; Spence, 1993) . The atomic scattering factor for electron diffraction is related to that for X-ray diffraction by the Mott formula (Mott & Massey, 1965) :
where e is the electron charge, m0 is the electron mass and h --h/(2rr), with h being Planck's constant. For an ion where the number of electrons associated with the ion is not equal to the charge of the nucleus, Z ~ Z 0, it follows from equation (3) that as s approaches zero the scattering factor diverges as -.~ (Z -Zo)/S 2. It has been known for some years, see for example Doyle & Turner (1968) , that the divergence of the electron scattering factor of an ion arises from the contribution of the unscreened long-range Coulomb potential of the ionic charge on the nucleus. This may be readily demonstrated by rearranging (3) as
where AZ = Z-Z 0 represents the ionic charge and the second term on the right-hand side represents the divergent contribution from the unscreened Coulomb potential of the ionic charge. The first term on the righthand side [i.e. f(oe)(s)] results from scattering of electrons ~Ye0e the screened atomic field. Condition (2) ensures that )(s) remains finite in the limit s ~ 0. Electron scattering factors of ions have been calculated numerically and tabulated by several authors including Doyle & Turner (1968) and Rez et al. (1994) . Ion n 1-Li 1+ Be 2+ 01-02-F 1- Peng et al., 1997) . The absorptive scattering factors of ions may be calculated numerically following the procedure of Hall & Hirsch (1965) and parameterized as for the neutral atoms (Peng et al., 1996) .
Results
Table 1 contains sets of five fitting parameters a, and bi tabulated for 106 ions spanning over the entire Periodic Table. In most cases, we used ab initio data for X-ray scattering factors of ions calculated by Rez et al. (1994) .
For large angles of scattering, these numerical data were converted into electron scattering factors using the Mott formula (3). For small angles of scattering where X-ray data are less reliable (see for example Peng & Cowley, 1988) , we fit ~e)(s) at zero angle to the value given in Table 7 of Rez et al. (1994) . It needs to be pointed out that in this table the number of electrons associated with Pd 2+ should have been equal to 44 rather than to 45, and in our (Cowley, 1992) . Values of ~ooe)(s) were first separated from the values given by Cowley (1992) and then they were fitted to a linear combination of five Gaussians by using equation (5). In doing this, we found several data points that displayed anomalous deviation from the rest of the data, and Fig. 1 shows three fitted curves of electron scattering factors of ~e)(s) for Ge 4+, Pt 4+ and Hg 1+ ions together with numerical data taken from Cowley's (1992) table. These curves suggest that in Cowley (1992) several data points have been misprinted, and these include data for Ge 4+ at s = 0.15, Pt 4+ at s = 0.32 and Hg 1+ at s = 0.11. These data points have been identified and subsequently neglected in our fitting. To illustrate the goodness of the fit, Table 1 also shows values of the R factor defined as 10.0 where i indexes the data points. Table 1 shows that for all the ions the R factors are smaller than 1.0 × 10 -3, the only exception being the case of Pd 2+. Further analysis revealed that the values of X-ray scattering factors given in Table 2 of Rez et al. (1994) for small s are too large to be interpolated smoothly to the value of f0~e)(0) given in Table 7 from the same source. We have therefore disregarded numerical data at s = 0.05 and fitted the rest by expression (5). Although visually one cannot distinguish ab initio numerical data from fitted data, the R factor shows that the accuracy of fitting in this case is an order of magnitude worse than for other ions. This suggests that for this particular ion the numerical data given in Rez et al. (1994) may not be sufficiently accurate. (Zuo et al., 1997) . For neutral atoms, the results were obtained both by direct intergration and by Bird & King's (1990) ATOM routine. It is seen that for the whole range of scattering angles our results agree well with those of Bird & King. The absorptive scattering factors of Mg 2+ and 0 2-ions are seen to deviate from those of neutral atoms Mg and O only for small values of s. Numerical calculations have also been carried out for other ions and Debye-Waller factors. In general, the absorptive scattering factors of ions differ from those of neutral atoms appreciably only for s < 0.3 ,~-1. Since for most materials the lattice spacings are smaller than 1.5 ,~, we expect therefore that for most transmission electron diffraction (TED) applications the effects of crystal ionicity on the absorptive scattering factors are negligible, and this is consistent with the accurate measure- A TOM (Bird & King, 1990 ). ment of crystal structure factors of MgO (Zuo et al., 1997) .
Conclusions
In summary, elastic electron scattering factors of 106 ions have been represented in a parameterized form suitable for many-beam analysis of high-energy electron diffraction. The analytical representation of electron scattering factors of ions provides a more convenient and numerically more accurate way of interpolating these factors in the region of small angles of scattering than conventional cubic splines or linear interpolation. In particular, the new parameterization is shown to be capable of identifying values of the scattering factors misprinted in previous publications. The absorptive electron scattering factors have been calculated for a wide range of ions and Debye-Waller factors. It is found that the absorptive scattering factors of ions differ appreciably from that of corresponding neutral atoms only for s < 0.3 ,~-1, and for most TED applications the effects of crystal ionicity on the absorptive crystal structure factors are negligible.
